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ABSTRACT

“The Investigatlions undertaken durlng this report perlod
Included three antimalarial screens, +two African +frypanosome
screens, and an Amerlican +trypanosome screen, The three
antimalarial screens were; a primary blood schizonticldal ftest
using Plasmodlum berghel, @ primary causal prophylactic test
using Plasmodium yoelll and Anophbeles stepbens! mosquitoes, and
a secondary drug screening system using both of the above specles
of rodent malaria. The two African trypanosome systems Includeg
a primary screen and a secondary drug-reslistant screen. The
American trypanosome system was a primary test,

.........

"

In the primary antimalarial blood schizonticidal test 3,026 E . ®
three dose-level tests were done with 335 compounds exhibiting el e
activity. In the prophylactic antimalarial tests 1,571 +three RCRN
dose-level tests were performed +to detect activity agalnst i;{.:;}il
sporozoltes and/or exoerythrocytic stages. 89 compounds were RO
active. !n the regular secondary test 3 compounds were tested SN e
against the drug-sensltive P-llne of P, berghel, while, 13 PO
compounds were tested against the drug-resistant Ilnes, Other S

speclal +tfests Included. 1) Determining how stable +the drug-
reslstant |Ilnes would be when drug pressure 1Is removed. 2)
Determination 1f the development of resistance to mefioquine was
slowed when sulfadoxIne and pyrimethamine were co-administered.
3) Development of mefloquine resistance In a standardized method.

“The primary test in African +trypanosomlasls evaluated
compounds for trypanosomiclidal activity agalnst a drug-sensitive

llne, 2069 three dose-level tests were performed wlth 82
compounds exhibiting activity. In the drug-resistant screen 10
compounds were tested for activity agalnst one or more
resistant |lnes, A speclal +test was done +o see how long
resistance lasted in the pentamidine, melarsoprol, and suramin-
resistant |lInes.

In the primary test In American trypanosomliasis 126 dose- FUPCNESE

level tests were performed. Three compounds were found to be Z :!!? .
active, R
\
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FOREWORD

In conducting the research described In this report, the
Investigator(s) adhered +to the "Guide for the Care and Use of
Laboratory Animals", prepared by the Commlttee on Care and Use
of Laboratory Animals of the Instlitute of Laboratory Animal
. Resources, Natlonal Research Council!l (DHHS Publication No. 85-23
| (NIH), Revised 1985).
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ABSTRACT

The Investigations wundertaken durlng +thls report period
Included three antimalarial screens, two African +trypanosome S
screens, and an American trypanosome screen., The three me s
antimalarial screens were; a primary blood schizonticidal +test e
using Plasmodium berghel, a primary causal prophylactic test o
using Plasmodium yoelll and Apopheles sitephensl mosquitoes, and L3
a secondary drug screening system using both of the above species
of rodent malaria. The two African “trypanosome systems Included
a primary screen and a secondary drug-resistant screen. The
American trypanosome system was a primary test,

-

In the primary antimalarial blood schizonticldal test 3,026
three dose-level tests were done with 335 compounds exhibiting
activity. In the prophylactic antimalartal tests 1,571 three
dose-level +tests were performed +to detect activity against
sporozoites and/or exocerythrocytic stages. 89 compounds were o
active. in the regular secondary test 3 compounds were tested e
against the drug-sensitive P-line of P, berghel, while, 13 E
compounds were tested agalnst the drug-resistant ilnes. Other '
special tests Included. 1) Determining how stable the drug-
resistant |lInes would be when drug pressure [Is removed. 2)
Determination If the development of reslstance to mefloqulne was
slowed when sulfadoxlne and pyrimethamine were co-administered. )
3) Development of meflogquine resistance In a standardlized method. §

The primary test in African trypanosomliaslis evaluated
compounds for trypanosomicidal activity against a drug-sensitive
line. 2069 three dose~level tests were performed with 82
compounds exhibliting activity, In the drug-resistant screen 10
compounds were tested for activity against one or more
resistant |Ilnes, A speclal test was done to see how long
reslistance lasted In the pentamidline, melarsoprol, and suramin-
resistant |ines.

In the primary test in American trypanosomiasls 126 dose-
level tests were performed. Three compounds were found to be
active.
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SCREENING PROCEDURE FOR ASSESSING THE BLOOD SCHIZONTICIDAL
ANTIMALARIAL ACTIVITY OF CANDIDATE COMPOUNDS
IN PLASMODIUM BERGHE! INFECTED MICE

The recognition of chloroquine-resistant strains of
Plasmodium falclpacum In South America and Southeast Asia flrst
posed what is now a critical problem In +the chemotherapy of
malarla. Paraslite resistance to 4-amlnoquinollines (e.g.

chloroquine and amodlaquine), antlifolates (e.g., pyrimethamine)
and other standard antimalarial compounds such as quinine, has
caused an lIncrease In concern for the development of safe
alternative therapeutlic agents,

The World Health Organlization currently estimates that over
100 mllllon cases of malarla worldwlide require treatment each
year. Recently, <chloroquine-resistant parasites have been noted
In Africa where over one milllon chlldren die from malarla
yearly. Reports from endemic areas in the world Indicate a
signlficant resurgence of malarla., The number of cases of malaria
reported from Halti exceeded 100,000 during 1982. Durling 1982
there were over 1,300 cases of malaria brought into the Unlited
States., The curr nt wlidespread endemiclity of malaria, with Chlle
the only countr, 'n South and Central America free from malaria,
and Its potential for recurrence In malaria-free zones, the
emergence of populations of parasites 1In Central and South
Amerlica, Asia and Africa that are resistant to the major
available antlmalarlal agents, and a decrease In vector control
programs emphasize the need for continued mass screenlng of
candlidate antimalarial compounds,

A total of 289,191 three dose-level tests were performed from
December 1, 1961 through September 30, 1983,

Table | summarlizes the compounds tested and the number of
mice used from December 1, 1961 through September 30, 1983,

The test system designed specifically for this operation s
based on blood-induced Plasmodium herghel malaria Infections In
mice. It Is a relatively simple and fast procedure. Assessment of
antimalarial eftect and host +toxicity are reproducible and
reljable.
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All compounds evaluated were obtalned from the Division of
Experimental Therapeutlics at the Walter Reed Army Institute of
Research and Included: 1) Compounds structurally related +to

chemlcals of known value as antimalarial agents; 2) Compounds
structurally unrelated to compounds known to have antimalarial
activity; 3) Structural analogues of compounds found actlve In
our test system and representling several novel chemlical groups;
4) Compounds known to have actlivity agalnst other infectlious
disease agents,

Our own breeding colony of ICR/HA Swiss mice has suppllied all
the animals used In our tests,

Drug actlvity was assessed by comparing the maximum survival
time of treated malaria-infected animals to the survival time of
untreated malarla-infected contro! mice.

Using flve and six week old mlice and a standard Inoculum of
Psberghel, It has been possible to produce a consistent disease
fatal to 100% of untreated anlimals within six to seven days.

An established disease Is less responsive fo treatment than
a disease In the early stages of development, therefore treatment
was deliberately withheld wuntll a moderateiy high degree of
parasitemla was evident. Test compounds were administered
subcutanecusly In a single dose on +the third day post-infectlion,
at which time & 10-15% parasitemla had developed. A simllar
procedure was followed for the oral admlnistration of selected
actlve compounds,

A compound <can only be classlifled as "active"™ if |t
suppresses the dlisease an produces an unquestionably
significant increase, 1008 or more, In the life spar of the
treated animals over that of the untreated Infected controls. A
compound Is conslidered to be "curative" if the treated animals
remaln allve for 60 days after Infection with P, berghel.
Compounds not meeting the above requirement are considered
Inactive.

The severlty of the challenge set up In our test system
enhances the relifabliity of our evaluation and the antimalarial
potential of the compounds selected for Intenslive preclinlical
studles,
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METHODS

ANIMAL HOST

The total supply of animals needed to screen candldate
compounds was obtained from our breeding colony of ICR/HA Swiss
I mice (Mus muscuius). Test animals welghed from 18-20 grams,
. Weight varilations In any gliven experimental or control group were
carefully {imited to within two to three grams. In any glven test
all animals were approximately the same age.

Animals on test were housed in metal-topped plastic cages,
i fed a standard laboratory diet and gfven water ad 1l]lbitum. Once
i the Infected mice had been adminlistered the drug, they were
placed In a room malntalned at 28.8°C(f 2 C ), and a relative

humidity of 66%.

; IEST PROCEDURE

Test animals received an Intraperitoneal injection of
approximately 5.98 X 10° parasitized erythrocytes drawn from
donor mlce Infected four days earlier with P, berghel. The donor

strain was malntalined by passage every four days 1in separate
. groups of mice lnoculated with 0.2 cc of a 1:435 dllution of
I heparinized heart blood.

To check factors such as changes in the infectivity of our P,
berghej strain or In the susceptibliity of the host, one group of
. mice, which served as the negative control, was Infected but not
- treated. To determine +the effect that a drug exerted wupon a
l malarla Infection, two parameters were measured; the first was an
Increase In survival time; the second concerned curative action.
For comparative purposes, one standard compound, pyrimethamine,
was administered at one level (120 mg/kg) to a group of |10 mice.
Pyrimethamine served as a posltive control, producing definlte
. Increases In survival time and curatlve effects. Another functlon
4 of the positive control involved monitoring three procedures: The
drug weighing, the preparation of drug solutions and suspensions,

and the admlnlistration of drugs.
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DRUG ADMINISTRAIION

Test compounds were dissolved or suspended In peanut oll
before they were administered subcutaneously. Compounds to be
administered orally were mlixed In an aqueous solution of 0.5%
hydroxyethylcellulose-0.1% Tween-80.

Treatment conslsted of a single dose given subcutaneously or
orally three days post-Iinfectlion. At the time of treatment, a 10~
15§ parasitemia had developed. Although the dlsease was well
establIshed, It had not yet caused sufficlient deblilty to affect
an evaluation of the test compound's toxlcity.

Deaths that occur before the 6th day, when untreated Infected
controls begin to dle, were regarded as the result of a
compound's toxlc effects and not as the result of action by the
Infecting paraslte.

Each compound was initially administered 1[n +three graded
doses, dliluted four-fold, to groups of flve mice per dose level,
The top dose was 640, 320, or 160 mg/kg, of body weight depending
upon the amount of compound available for testing. Actlive
compounds were subsequently tested at slx or nlne dose levels,
diluted two~fold from the highest dose. Successlve six~-level
tests were performed at respectlvely lower doses until the Iower
limit of activity was reached, thus establishing a complete dose-
response plcture for that compound in a rodent system.

A drug that was toxlic for the host at each of +the +three
levels Initially tested was retested at six dose levels dlluted
two-fold from the lowest toxic dose.

RRUG ACTIYI(TY

Acceptance of a drug as belng sufflclently active for
detalled studles was predicated cn the margin between the maximum
tolerated dose (MTD) and the minimum effective dose (MED)
producling a significant effect. An MTD Is deflned as the hlighest
dose up to 640 mg/kg causing no more than one of five animals to
dle from drug toxlcity, The MED is deflned as the minimum dose
Increasing the Ilfe span of treated animals by 100% over the Ilfe
span of untreated controls.




Clearly lInactive compounds were rejected after one test,
borderline compounds were characterlized by a dose-response curve,
which establIshed the spread between the MTD and the lower Iimit
of activity by a determination of drug activity In the dose-level
dilution +tests. The total number of <compounds and mice used
from December 1, 1961 to September 30, 1983 Is summarlized In
Tabtle 1. Table Il deplcts the number of active compounds durling
this tlme perlod.
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PLASMODIUM BERGHEI MALARIA IN MICE
TABLE |

Summary of Screening Levels

December 1, 1961 - September 30, 1983

Number of Number of .

Time Period Compounds Tested Mice -
October 1, 1982 - September 30, 1983 3,026 46,895 "ii
October 1, 1981 - September 30, 1982 3,020 45,900 ?:'?
October 1, 1980 - September 30, 1981 2,998 45,967 ]
October 1, 1979 - September 30, 1980 4,826 74,040 ;_;i
October 1, 1978 - September 30, 1979 6,175 86,415 :‘?
October 1, 1977 - September 30, 1978 5,375 82,690 s
June, 1976 ~ September, 1977 7,114 123,085

June, 1975 -~ May, 1976 9,916 155,585

June, 1974 - May, 1975 10,604 168,725

June, 1973 - May, 1974 11,035 168,664

June, 1972 - May, 1973 14,276 231,450

June, 1971 - May, 1972 14,874 262,245

June, 1970 -~ May, 1971 18,108 322,140

June, 1969 - May, 1970 22,376 411,270

June, 1968 - May, 1969 38,150 603,225

June, 1967 - May, 1968 40,465 636,525

June, 1966 - May, 1967 34,093 531,200

June, 1965 - May, 1966 22,731 350,449

June, 1964 - May, 1965 13,114 215,715
'December, 1961 - May, 1964 6,915 250,000 !
TOTAL 289,191 4,812,185 j

.
A




PLASMODIUM BERGHEI MALARIA IN MICE

13
- TABLE 1| SR
:i Summary of Actlve Compounds iéi
;h June 1, 1970 - September 30, 1983 _,_,_
£
Number of Number of o
T e e Compounds Tested ___Active Compounds P
October 1, 1982 - September 30, 1983 3,026 335 L
October 1, 1981 - September 30, 1982 3,020 574 co
October 1, 1980 - September 30, 1981 2,998 359 ‘ﬁl
October 1, 1979 - September 30, 1980 4,826 581 :~5
October 1, 1978 - September 30, 1979 6,175 969 *ﬂfi
October 1, 1977 - September 30, 1978 5,375 1,261 {Hj
June 1, 1976 - September 30, 1977 7,114 1,124 ;?
June 1, 1975 - May 31, 1976 9,916 351
June 1, 1974 -~ May 31, 1975 10,604 616 t;g

June 1, 1973 -~ May 31, 1974 11,035 394
June 1, 1972 - May 31, 1973 14,276 771
June 1, 1971 - May 31, 1972 14,874 593 ; ‘

June 1, 1970 - May 31, 1971 18,108 805

- e an m - - - e .- e

TOTAL 111,347 8,733
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SECONDARY ANTIMALARIAL SCREENING SYSTEMS

Current prospects for the control of human malarla have been
complilcated by the occurrence of drug-resistant parasites to all
drugs avallable today ftfo combat P, falclparum. Such resistance
falls into the followling categories:

1. Reslstance to antifollc drugs (pyrimethamine,
chloroguanine, etc.).

2., Reslstance to 4-amlnoqulnolines, quinoline-carbinols and
acridines (chloroquine, amodiaquine, atebrine, quinline,
etc.).

3. A combination of 1| and 2 which Is refered to as multiple
resistance.

4, Reslstance to Fansidar (pyrimethamline plus sulfadoxline).

Collectively, +the several +types of resistance Impalir the
effectiveness of all major suppressive drugs. Parasites of P,
falcliparum In Southeast Asla have been found to be resistant +to
mefloquine, a new qulnoline methanol drug. Hence, a great need
exlsts for alternative drugs as well as new combinations of
drugs.

New candidate compounds are emerging from a primary blood

schizonticldal screenlng program, and It s particularly
Important to determine quite early which of the new candldates
are |lkely to be wuseful agalnst the varlious +types of drug-

resistant malarla. Experience has Indicated that plasmodlia of
animals can be used for this purpose.

The speciflic alms for this test system are +to conduct a
sequential battery of chemotherapeutic studies 1in P, berghel-~-
Infected mice on actlive compounds proprietarily discreet or non-
discreet emerglng from the Department of Defense sponsored
screening programs In order to determine which substances are
worthy of further consideration as potentlal agents for dealing
wlth drug-reslistant malaria.

-------
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The “techniques used In this secondary drug-testing program

fall Into two categories: ;gi
13

}. Studles designed to determine If a new agent was |lkely R

to be useful against the varlious types of drug-resistant R

malarfa. el

2, General chemotherapeutic characterization of selected new fiﬁ

agents to suggest optimal methods of use.

METHODS

ANIMAL HOSTS AND PARASITES

The testing was done wlth P, herghel In outbred ICR/HA female
Swiss mice (Mus musculus) welghing 20-25 grams. Briefly, thls
testing entalls procedures for the direct assessment of fthe s
effects of drugs on the paraslitemia, Various tolerance P
observations were also recorded which served as guides Indicating o
the usefulness of the new test agents as drugs for the treatment
of malarla,

More speciflcally, activities Included the elucidation of a

posslble mode of actlon of agents by testing them In parallel éu
agalnst drug-sensitive P, berghel (KBG-173) and varlous drug-
resistant parasite Illnes which were chloroquine-resistant,

cycloguanlil-reslistant, dapsone-resistant, mefloquine-resistant,
pyrimethamine-reslistant or quinline-resistant.

JEST RESICGN

When a new compound was obtained [t was subjected 1o a
battery of testing procedures, the extent of which depended on
Its degree of activity In suppressing murlne malarla Infections.
The flrst test procedure was a 6-day suppressive test against the
drug-sensitive P-lline.
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{f the compound was active agalnst the P-lline, then a 6-day
test agalnst one or more drug~resistant |ines followed. |In this
baslc 6-day suppressive test, mice were divided Into groups of
seven and lnoculated with parasites Intraperitoneally., Drugs were
administered twice a day, usually orally, in a volume of 10 mi/kg
on the third, fourth and fifth days after Inoculatlion of
parasltes. Al drugs were mixed In aqueous 0.5%
hydroxyethylicellulose-0,.1% Tween-80 and vuitrasonicated when
necessary. Drug doses were prepared using 100% of the free base
of each drug. One group of ten Infected mice recelved the vehlcle
alone and served as a negative control group. The blood films and
final group welghts were taken on the sixth day after Inoculation
of paraslites. Microscopic examination of Glemsa-stalned blood
smears was made to determine the percentage of cells parasitized,
percent suppression of paraslitemia, and significance values for
the suppressfion of parasitemlias. Significance values were based
on a calculation of the percent suppression of parasitemlia which
was determined by comparing the parasitemlia of each treated mouse
with the mean parasitemlia of the negative control animals, Drug
tolerance was reflected by the percent welght change and the
proportion of mice +that survive +treatment. Toxlcity was
attributed to drug actlon when a 14% or greater welght change
occurred or when one or more mice dled before the blood smears
were taken,

REGULAR P=LINE TESIING

Each new drug was tested first against the drug-sensitive P-
line, wusually via both oral and subcutaneous routes of
administration. The drug dosages for the first test were normally
64, 16, 4 and 1 mg/kg/day for the three days. |f more than 90%
suppression of the parasitemlia (SDgp) was obtalned with the
lower dose of | mg/kg/day, then testing at Ilower doses was
performed. Chloroquine was tested as a reference against the P-
llne at levels of 2, 3, and 4 mg/kg/day. A quinine Index (QI) was
calculated by comparing the SDgg value of the new compound to
that of chlioroquine:

10 .

....................




of chloroquine

*¥ Converslon factor (chloroquine Is 30 times more active than
quinine),

=RESISTANT LINES

Compounds that suppressed the P-line paraslitemia by at least
90% with 64 mg/kg or less were subjected to testing agalnst one
or more of the six drug-resistant lines. These |ines Included a
chloroquine-resistant (C-line), a cycloguanil~resistant (T-lIne),
a dapsone-resistant (S-line), a mefloqulne~resistant (A-lline),
pyrimethamine~-resistant (M-line) and a quinine-resistant |ine (Q-
Ilne)., The amount of testing agalinst the resistant [Iines depended
upon the structure of each compound as It related +to the
structure of known antimalarials. A maximum dose of 256 mg/kg/day
was administered orally along with doses of 64, 16 and 4
mg/kg/day.

ESTIMATES OF POTENCY AND CROSS RESISTANCE

Doses required for a given degree of effect, such as 90%
suppression or Sqm's were used to dellIneate the degree of «cross
reslistance.

SPECIAL STUDIES
1) Stabillity of drug resistance wlithout drug pressure.

The six drug-resistant lines of malaria; A-line resistant
to mefloquline, C-line resistant to chloroquine, M-|Ine
resistant to pyrimethamine, Q-lIine resistant to qulinine,
S-line reslistant to dapsone, and the T-lIne resistant to
cycloguanil|l were removed from drug pressure and followed
to see how long resistance was retained.
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2) Determination of the development of reslstance 1o
meflogulpne whep sulfadoxlne and pyrimethamlne were co-
administered.

A fixed (20:1) combinatlon of sulfadoxline: pyrimethamine
(FANSIDARR ) in a single oral dose administered with
mefloquine has been advocated as a means of delaylng the
development of resistance to mefioquine. The antimalarial
activity of these three drugs singly and In comblnation,
was, therefore, evaluated In mice Infected with
Plasmodium yoelll. Seven groups of five mice each were
inoculated Intraperitoneally with 1.0 X 107 parasitizied
red blood cells. Three, four and five days after
Infection, mice recelved a single dally oral dose of drug
or drug combinatlon according to body weight. Seven days
after infection, blood films were made to determine the
degree of Infectlion. The group of mlce ylelding a 5%
parasitemla were bled and used to Infect the next group
of uninfected mlce, Sulfadoxine-pyrimethamine
concentration was kept at 0.0125 mg/kg - 0.003 mg/kg.
Mefloquine concentration began at 4 mg/kg and Increased
as reslstance developed until resistance to 256 mg/kg was

obtained.

3) Development of meflioquine resistance In a standardized
method.
A series of experiments were performed to develop a
standard procedure for Induction of mefloquine
resistance. The drug pressure was Increased as rapidly as
possible In a wuniform schedule., The procedure Is as
follows.

Parasite: Plasmodium yoelll yoelll 17X

Inoculum: 1 X 107 parasitized RBC l.p. in 0.1 ml
volume unwashed whole blood diluted
In sallne.
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X Mefloguline adminlisiration: Oralily 1In HEC/Tween
. suspension, 0.01 mi/gm body welght

via metal esophageal cannula.
Mefloqulne administration once dally
on days 3, 4, and 5 post Inoculatlion.

v Y v T [N

-. Group Fold-Increase 1n Mefloqulne
A 8
l B 4
c 2
. D 1.5
F 1.0
G o [ ] 5

Parasltemla: On day 7 post inoculation blood films were
taken and parasitemias determined.

. Passage of parasltes: Passage was made from the single
g mouse having a parasitemia >5% in the
> highest dosage group. That dose would
- then be 1-fold In the next passage.
. This was done until the parasites were
> resistant to 256 mg/kg of mefloquline.
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RESULTS
| 6 Day Test
: The results for the regular 6-day suppressive test
" against the drug-sensitive and drug- resistant lInes are
; summarized In Table II1I,

Stabillity of drug-resistant lines.

The chloroquine and pyrimethamine-resistant [Ines lost
resistance between 9-12 months. The remalining Ilnes have
I retalned there respective resistance for 36 months,

Study to examlne if the development of mefloqulne reslstent
could be slowed by co-administration of sulfadoxine and

hyrimethamine.
|
Development of full mefloquine resistance, when administered
alone, occurred withlin 6 weeks. Development of full mefloqulne
resistance, when administered with FANSIDAR , occurred within 6
. to 9 weeks. There appears to be no advantage of comblinling
- FANSIDAR with meflioquine to slow the development of mefloquine~
l resistant parasites.

Development of mefioquine reslistance In a standardized
method.

Parasites reslstant to 256 mg/kg of mefloquine were developed
In 4 to 8 passages using the standardized method.
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SPOROZOITE INDUCED ANTIMALARIAL TEST IN MICE

There 1s no causal prophylactic drug avallabie +tfoday for SARAR
people to take In order to stop the development of NSNS
exoerythrocytic stages of the four specles of human malarla. St

Primaquine Is the only drug currently used today for radlical RO
curative activity In humans (eliminatlion of persisting ETL*
exoerythrocytic schizonts and or hypnozoites of Plasmodlum yivax T
and Plasmodium 9ovale). This B8-aminoqulnoline has +two major
limitations; 1t has a poor therapeutic Index, and 1t causes
hemolytic anemlia in persons with a defliclency 1In the enzyme
glucose-6-phosphate dehydrogenase. An additional IlTabllity .
concerns Its abllity to cause methaemoglobinaemia In Individuals i
heterozygous for NADH-methaemoglobin reductase deficlency when o

taking primaqulne, New actlve 8-aminoquinolines as well as other
groups of chemicals exhibiting causal prophylactic and radical
curatlve actlivity are needed to combat malaria 1In +the world
today.

This test system is Intended to serve as a primary screening
procedure for compounds submitfted by the Division of Experimental
Therapeutlics at the Walter Reed Army Institute of Research.

In this test system mice recelved a subcutaneous Injection of RN
drug four hours prlor to an Intraperitoneal lInoculation of E
sporozoites and survival was monitored for a 30 day perlod. A .
similar procedure was followed for the oral administration of
selected actlve compounds. Mice alive after 30 days were
considered cured.

£

METHODS
ANIMALS
Male or female outbred ICR/HA Swlss mice (Mus musculus), six SR

to seven weeks old, welghlng 16 to 17 grams were used as test P

animals, They were maintained 1In groups of five and had free

access to feed and water.
*
=
K.
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Mice used as a source of gametocytes (donor mlce) were elght
weeks old and welghed 25 to 30 grams,

MOSQUITO COLONY

Ancpheles stephensli were reared In an Insectary malntained at
26.7°C (* 2°C) and 70% (%2%) relative humidity with 14 hours of
ltght and 10 hours of darkness. Larvae were fed a solutlion of
2.5% liver powder once a day. Emerged adults were fed a 10%
glucose solution ad Llb.

INFECTED MICE AS A SOURCE OF GAMETOCYTES

Donor mice to be used as a source of gametocytes were
Injected Intraperitoneally with a dilution of Infected heart
blood from mice previously Infected wlth sporozoltes of
Plasmodlum yoelll yoelll 17X. These mice were used two to +three
days after Inoculation with parasitized red blood cells. The
gametocytes developed within 48 +to 72 hours and produced a
unlform Infection in the mosqulitoes,

INFECTION OF MOSQUITQES

Mosqulfoes were placed in a room maintalned at 21,1° C (X2°c)
and 70% (*2%) retative humidity prior to recelving the Infected
blood meal. Donor mice harboring a 2 to 10% parasitemlia were
anesthetized wlith Nembutal and placed on top of +the mosquito
cages for one hour to allow the mosqulitoes to feed on
Infected blood. A second infected blood meal was given the
following day, and thereafter the mosquitoes were maintained on a
10§ glucose solution. A single normal blood meal was given seven
days after the first infected blood meal.

1SOLATION OF SPOROZOIIES

Eighteen days after +the flrst Infected blood meal +the
mosquitoes were anesthetlzed with ether, vacuumed Intfo plastic

...................................................

.................
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bags kept Immobilized on a cold table (-5° to 0°C). The females
were separated from the males and placed 1Into a cold glass
mortar. The males were dlscarded. After approximately 500 females
were collected, one ml| each of sallne and heat Inactlvated mouse
plasma were added and the suspension was macerated with a glass
pestlie for three minutes. An additlional 20 ml of salline and mouse
plasma (1:1) were added to the suspenslon and filtered +through
nylon monofllament screening fabric with a mesh opening of 90
microns. This step removed large tissue fragments of the
mosquitoes, yet allowed the sporozoites +to freely pass through
Into the refined suspension, This flltered sporozoite suspension
was further dlluted to obtain a concentratlon of approximately
2.5 X 105 sporozoltes per 0.2 ml of Inoculum.

ADMINISTRATION OF TEST COMPOUNDS

Each compound was ground wlth a mortar and pestie and +then
suspended in a quantity of 0.5%8 hydroxyethylcellulose-0.1%
Tween-80 to obtain the desired drug dose. The percent free base
of each compound was not determined. Four hours prlor +to the
Inoculation of sporozoltes, compounds were adminlistered either
subcutaneously or orally at three graded doses diluted four-fold
(160, 40 and 10 mg/kg). Groups of five mice per dose level were
used. Subsequent tests used successlively Ilower four-fold
dllutions of test compound if mice were cured at 10 mg/kg until
the lower [imit of a compound's activity was reached.

Infected control mice (recelving sporozoltes only) began to
dle due to malarlia starting seven days after Inoculatlion of
sporozoltes. Deaths that occurred prlior to seven days In mlce
treated with test compounds were consldered drug toxlcity deaths.
A drug that was toxic to the host at each of the three initial
dose levels was retested at doses diluted four-fold from 10
mg/kg.
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INOCULATION OF MICE WITH SPOROZOITES

Mice were Injected Intraperitoneally wlth approximately
2.5 X 10 5 sporozoites. Twenty of these mice were divided Into two
groups of ten each. One group recelved no drug and served as a
negative control. The other group was treated with WR 181023 (125
mg/kg) and acted as a positive control. One additional control
group of flve Infected mice was treated with <chloroquine (100
mg/kg).

DETERMINATION QF ANTIMALARIAL ACTIVITY

After the mice were Inoculated with sporozoites they were
placed In a room malntalned at 28.8°C (2 C) and 66% (% 2%)
relative humidity. Antimalarial activity was determined by
monltoring daily mortality. Mice which were allve after 30 days
were considered cured. A compound was consldered active If at
least +two mice survived for 30 days at any dose level. Active
compounds were retested at 160, 40, 10 both subcutaneously and
orally.

RESULTS
CONTROLS

Mice Inoculated wlth sporozoltes but recelving no drug
(negative control groups) all routinely dled within 7 to 12 days,
as did mlce recelving chloroquine, Mice serving as posltive
controls receiving 125 mg/kg of WR 181023 (4-methyl-primaquine)
usually survived for the duration of the experiment (30 days).

COMPQUNDS IESTED AND DRUG ACTIVITY

For the period October 1, 1982 to September 30, 1983, 1571
three-level tests were performed. 38 compounds were active both
orally and subcutaneously; 12 compounds were active only
subcutaneously, whlile 10 were active only orally, 29 compounds
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tested only subcutaneously were active, 1 compound was active .
when tested only orally., 1317 compounds were Inactlve when B
tested only subcutaneously. 45 compounds were found +to be F: .-
Inactive both subcutarneously and orally while 14 compounds were .
Inactive when tested only orally.

A SCREENING PROCEDURE FOR THE EVALUATION )
OF TRYPANOCIDAL ACTIVITY OF CANDIDATE COMPOUNDS !”_
IN TRYPANQSOMA RHODESIENSE INFECTED MICE -

According to the World Health Organization, there Is no
adequate Information on +the prevalence of human African - -
trypanosomlaslis., The best estimates report that 35 milllon people L
at risk, and about 20,000 new cases are reported annually. '
African trypanosomliasis has a very high mortallty rate and has
conslderable Importance as a publlic health problem, especially In
this age of Increasing foreign travel.

No new +trypanocidal drugs have been Introduced since +the k.
synthesls of pentamidine 1In 1939, Four drugs are currentiy s
avallable for +the treatment of human trypanosomiasls caused by
Irypanosoma rhodesliense or Irypanosoma gambiense. Two of these
drugs, suramin and pentamidine are used In the treatment of the
blood parasite (trypomastigote), but Jlack efflcacy 1In the
treatment of central nervous system infections (trypomastigote). ko
Melarsoprol and nltrofurazone are used for the treatment of
amastigotes In the central nervous system.

Each of these four drugs have severe side effects resulting
in poor therapeutic indlces. The use of suramin may lead to
nausea, vomlting, shock and loss of consclousness. It can also
cause exfollative dermatitis, albuminurla, hematuria and
ultimately renal fallure. Pentamidine use may lead to fatal
hypertension, hypoglycemlia, dlabetes and renal dysfunction,
Administration of melarsoprol may lead to lethal encephalopathy
In 10 +to 15 percent of cases, Nitrofurazone can cause severe -
polyneuropathy and degeneration of the seminlferous tubules., This bo-
drug Is also assoclated with causling hemolytic anemla In glucose~
6~phosphate dehydrogenase defliclent patients,
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Compounding the problem of Ilow therapeutic Indlces 1s the
problem of trypanosomal drug reslistance. Human trypanosome
strains are commonly reslistant to at least one chemotherapeutic
agent., With some patients, thelr Infection Is resistant to two or
more antitrypanosomal drugs.

-. . '.n'l l."‘- “4.
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Therefore, there Is a definlte need to develop and test
compounds that are potentially active against resistant stralns
of I.rhodesiense and that are less toxlic than the exlisting drugs.
Further testing also needs to be done using different routes of
administration and combinations of two or more drugs.

LA,
'..1.1_1,1

The test system described herein was developed speclifically
to evaluate +the +trypanosomal activity of large numbers of
candldate compounds. Based on blood induced I, rhodeslense
Infectlions In mice, It acts as a primary screen or as a secondary
screen and/or conflirmatory test. This test glves preclise
quantitative evaluation of chemlcal compounds that demonstrate
potentitally wuseful therapeutic and/or prophylactic activity in
J. rhodeslense Infectlions. Consequentely, It Is also a helpful
guidellne In the synthesls of new related active agents.

All candldate compounds are obtalned from +the chemical
Inventory of +the Dlvislion of Experlimental Therapeutics at the
Walter Reed Institute of Research and Include:

1. Chemicals structurally related to compounds of known value
In the treatment or prevention of I. rhodeslense infections;

2. Chemlcals structurally wunrelated to compounds of known
value in the +treatment or preventlion of I. rhodesliense
infectlions;

3. Structural analogues of compounds that have demonstrated
actlvity In our screening procedure and represent novel chemical
groups;

4, Compounds known to have activity agalnst other paraslitic
and bacterlal Infectlious agent.
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METHODS

ANIMAL HOST

ICR/HA Swliss mice (Mus musculus) used In +this screening
procedure welghed 28 to 30 grams wilth weight vartation 1In any
glven experimental or control group carefully limited to three
grams, Male and female mice approxIimately the same age were used.

Animals were housed In metal-topped plastic cages, fed a
standard laboratory diet and glven water ad llibltum. After drug
treatment, mice were kept In a room maintalned at a temperature
of 28.8°C (¥2°C) with a relative humidity of 66% (2%),

IEST PROCEDURE

Test animals recelved an Intraperitoneal Injection of 0.2 cc
of a 1.5 X 104 ditution of heparinized heart blood drawn from a
donor mouse Infected three days earller (approximately 1.3 X 10 =
1.7 x 104 trypomastigotes).

The donor |lne was malntalned by three-day blood passes; each
animal recelved 0.1 cc of a 1:5.0 X 102 dilution of heparinized
heart blocod drawn from a mouse harborling a 3 day Infectlon,

One group of Infected, wuntreated mice was Included as a
negative control to <c¢heck both the Infectivity of +the T,
rhodesiense (CT-Wellcome strain) and the susceptibility of the
murine host., In order to determine the effect a drug exerted on a
trypanosome infection, +two parameters were measured; 1) the
Increase In mouse survival time and 2) drug curative action. For
comparative purposes, two standard antltrypanosomal compounds,
stilbamidine Isethionate and 2-hydroxystilbamidine Isethionate,
are adminlstered subcutaneously at one dose (26.5 mg/kg) +to
separate groups of ten mlce, The same positive controls were
administered orally at 53 mg/kg when compounds are tested orally.
These two dlamldines served as positive controls, produclng
definite Increase 1in survival time and curative effects.
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DRUG ADMIN|ISTRATION

Test compounds were dlssolved or suspended In peanut oll
before they were administered subcutaneously, Compounds +to be
adminlistered orally were mixed in an aqueous solution of 0.5%
hydroxyethylcellulose 0.1% Tween-80.

Treatment consisted of a single dose, glven subcutaneously or
orally, two to +three hours after the 1Injection of parasites.
Deaths that occurred before the fourth day, when untreated
Infected controls begin to dile, were regarded as a result of
toxlc actlon by the drug, not +the |l|ethal effects of the
parasites.

Each compound was [nitially administered In three graded
doses dlluted four-fold to groups of flve mice per dose level.
The top dose was elther 424, 212, or 106 mg/kg, depending on the
amount of compound avallable for testing. Active compounds were
subsequently tested at six dose levels, dlluted two-fold from the
highest dose,. If necessary, successive six-level tests were
performed at respectlively lower doses unti{ the lower [Imit of
activity was reached.

A drug +that was toxlc for the host at each of +the +three
levels iInitlally tested was retested at six dose levels diluted
two~-fold from the lowest toxlc dose,

DRUG ACTINITY

Acceptance of @a drug as beling sufficliently active for
detalled studles was predicated on the margin between the maxImum
tolerated dose (MTD) and +the minimum effective dose (MED)
producing a sligniflicant effect. A MTD Is defined as the highest
dose up to 424 mg/kg causing no more than one of flve animals to
die from drug toxlcity. The MED Is deflned as the minimum dose
Increasing the Ilfe span of treated animals by 100% cver the life
span of untreated infected controls.

Clearly Inactlive compounds were rejected after one test and

border-|:ne compounds after two tests, Actlve compounds are
characterlized by dose-response curves, which establish the spread
between the MTD and the lower [Imit of activity by a

determination of drug activity In the dose~level dilution tests,
Treated animals alive at the end of 30 days were consldered
cured.
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RESULTS

CONTROLS

Mice 1Inoculated with trypomastigotes but recelving no drug
(negative control group) all routinely dled within 4 to 5 days.
Mice serving as poslitive controls, receliving 26.5 mg/kg of
stiibamidine, or 26.5 mg/kg of 2-hydroxystllbamidline, wusually
survived for the duration of the experiment (30 days).

NEW COMPOUNDS

Data for all the new compounds Is summarized In Table VI,

......
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TABLE VI

Summary of Irypanosoma rhodeslense drug screen test

Number of compounds
active by route
of administration

Number Total  ==--erecccecccccccacaa-
of three- Number Number of number 1 Oral 2
Report level of mice compounds of active Oral S.C. and l.P.
Perlod tests utilized tested compounds only only S.C. only
10/1/82-9/30/83 2,069 32,835 1,788 82 0 75 7 0
10/1/81-9/30/82 1,994 32,405 1,960 67 3 60 2 2
10/1/80-9/30/81 2,043 32,520 1,222 62 6 50 6 0
10/1/79-9/30/80 4,780 60,110 3,462 88 3 78 7 0
10/1/78-9/30/79 3,158 49,708 2,783 125 7 116 2 0
10/1/77-9/30/78 4,025 64,600 3,032 77 9 54 14 0
6/1/76-9/30/77 4,235 73,280 4,235 396 17 270 109 0
6/1/75-5/31/76 1,653 30,290 1,653 257 59 198
6/1/74-5/31/75 1,826 33,850 1,826 298 73 225 j:i
6/1/73-5/31/74 1,581 25,360 1,581 185 93 92 i_a
8/1/72-5/31/73 3,030 51,405 3,030 68 Pl
________________________ cee recee ee- - 1
TOTAL 30,394 486,363 26,572 1,705 270 1,218 147 2 ”j
.
1 £
S.C. = Subcutaneous .
2 ,.i&
|.P. = Intraperitoneal R
'->. '.xJ
¢
r
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DRUG-RESISTANT TRYPANOSOME TEST

The resistance of I, rhodesiense to selected antitrypanosomal
compounds can be Induced by repeated drug pressure Iin an In ylyo
test system. This Is achieved by Infecting mice with a standard
Inoculum of parasites, adminlstering the test compound at a dose
Just below the curative level, and passing parasltes from these
animals to a new set of mice when the parasitemia rises +to a
desirable level. Passes are made every three to four days with
drug doses beling Increased as resistance develops at each dose
level,

This type of study can establish the rate at which I,
rhodesliense acqulres resistance In mice to selected compounds.
Degrees of cross resistance to trypanosomliclidal compounds found
to be actlive against the drug-senslitive line in primary screening
tests may also be determlned.

Lines of trypanosomes have been developed which are
completely resistant to the followlng compounds.

RESISTANT LINE HIGHEST DOSE ACHIEYED
Pentamidine 212.0 mg/kg
Melarsoprol (Mel=-B) 424.0 mg/kg
Suramin 543.0 mg/kg
METHOD S
ANIMAL HOST

ICR/HA Swiss mice (Mus musculus) used 1In +this screening
procedure welghed 24 to 26 grams with weight varlatlions In any
given experlimental or control group carefully limited +to three
grams, Both male and female mice were wused and were
approximately the same age.
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Animals were housed In metal-topped plastic cages, fed a
standard laboratory dlet and given water ad |ibitum. After drug
treatment, mice were kept In a room maintained at a temperature
of 28.8°C (%2°C) with a relative humidity of 66% (t2%).

DEVELOPMENT AND MAINTENANCE OF DRUG-RESISTANT LINES

On day zero, fifteen male or female mlce were divided into
three groups of flve anlimals. All animals were Inltlally
Inoculated Intraperitoneally with drug-sensitive I, rhodeslense
(Wellcome CT-strain) trypomastigotes In sallne diluted blood
(1:500) drawn from a previously Infected donor mouse. Group |
served as a negatlve control, receliving no drug. Group ||
received drug elther orally or subcutaneously on day 0 and day 1,
Group {11 was glven the same dose of drug by the same route on
day 0 only., On day 3 or 5, 15 new mice were Infected with saline-
diluted blood (1:500) from Group |l. The pass was made from
Group 111 If Group Il animals demonstrated no paraslites upon
blood examlination. These newly infected mlce were similarly
divided Into three groups and glven the same drug regimen as that
Just described. Passes were thus made every three to four days
from the most recently Infected and treated groups of animals.
Drug doses were Increased as reslistance developed.

Once complete reslistance to the highest tolerated dose of the
compound was reached, the |ine was passed twice each week usling
two groups of flive mlce each., Group | mice recelved no drug and
served as a negatlve control. Group !l mlce recelved 2 low dose
of drug to maintain drug pressure and served as donor mice
for the next passage.

IEST PROCEDURE - INQCULATION QOF PARASIIES

Giemsa-stalned blood smears from donor mice Infected three
days earliler with I. rhodeslense trypomastigotes were
microscoplcally examined to determine parasitemias (i.e., number
of +trypomastigotes In a fleld of 100 erythrocytes). One set of
test animals was Infected wlth +the drug-sensitive [ine of
parasites and recelved an intraperitoneal Injectlion of 0.2 cc of
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a 1:15 X 10* difutfon of heparinized heart blood drawn from a

donoq+mouse harboring a paraslitemia of 30-35% (approx. 1.3 - 1.7

X 10 trypomastigotes). Other sets of mice were simlilarly
Infected wlth each drug-resistant llne to be tested. Blood
dilutions were made such +that all mice Infected with +the
resistant |ines received approximately the same number of

trypomastigotes as mice Iinfected with the drug-sensitive line,

Groups of ten mice Infected with the sensitive line and with
each resistant line served as negative control, recelved no drug.

DRUG ADMINISTRATION

Test compounds were dissolved or suspended In elther peanut
. oll for subcutaneous administration or 0.5% hydroxyethylcellulose
4 -0.1%~Tween-80 for oral administration., Compounds were glven one
i hour followling challenge with trypomastigotes,

b Compound doses were diluted two or four-fold from a level
that had been projected to be fully curative., Five mice were used
for each dose level.

COMPQUND ACTIVITY

Mortality was used as an index of drug activity. Untreated
Infected <(negative control) mice routinely die on day 4 or 5
after Inoculation of parasites. Increases In |ife span relatlive
to that of +the negative controls at each dose level were
recorded, Curative activity was used In assessing the level of
resistance of selected compounds. Mice survlving for 30 days were
considered cured.

RESULTS
EXPERIMENTAL DATA

Datea for varlous active antitrypanosomal compounds s
presented In Table VII to show thelr degree of <c¢ross resistance
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with a line resistant to Mel-B, one resistant to suramin, and one l}j:
resistant to pentamidine. PN

The loss of drug reslistance without drug pressure has been
studled. Mel-B reslstance and pentamidine reslstance have been Ce
lost at 10 and 15 weeks respectively. Suramin resistance has been L
stable for over one year. Lo
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Degrees of resistance

Compound
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Arsenotriazine
Mel=Ni
Mel=Ni

s Mel-B

X Mel=-B

i Acrldine

Acriflavin

Diamidine
Stilbamidine
Pentamidine
Pentamidline

Diamidineoxline

Guanidine

Phenanthridine
Ethidium bromide

Suramin

Thiazole

Degree of reslstance

antitrypanosomal

TABLE VI

of the melarsoprol-reslistant and suramin-
resistant lines of JTrypanosoma rhodeslense to eleven

Compound

247229
249119
216692
216692
214133

65585

30457
4931
4931

249987

250372

141377

Sulfonated naphthalene

17349

compound when tested against

(Degree of resistance = CD

50

of resistant

50
the drug-sensitive and drug-resistant |ine
iine - CD of sensitive
. 50

BJ
BJ
BG

BJ

AP

AH
BJ
BG
BK

BK
BK
BK

BK
BK

BE

45271
45271
80510
80510
92369

76740

55296
92341
11391
15607

52084
46219
47994

51925
50277

19397

Is determined by comparing

compounds.

Degree of Resistance
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Melarsoprol- Suramin-
Resistant Resistant
Line Line
>151
>1927 3.0
>365
>353 1.0
>1630 2.8
>37
>55 3.0
>132 1.4
>1060
>132 1.6
78 2.4
>883 23.3
>1247 58.2
>t >1.1
>10 >10.4
2.8
1.9
1.0
CD values for each

line),
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THE CHEMOTHERAPY OF EXPERIMENTAL CHAGAS' DISEASE

Infectlon by the haemoflagellate Irypanosoma cruzl, the
etlologlic agent of Chagas' disease, presents a devastating public
health probiem for milllons of people In Central and South
America. Reduviid bugs transmit I, ¢cruzl to man through thelr
feces as they blte man causing a disease characterlzed by an

acute phase and or a subsequent chronlic phase, In addition +to
the cultural, soclal and economic factors that makes Chagas'
disease particularly dilfficult +o manage, the problem is

compounded by this protozoant's cellular Invasiveness and |Its
ablllty to cause immunopathology. The organism also lives In over
100 mammal lan species, No satisfactory course of drug therapy has

been found that wili treat all stages of the Infectlion while
remaining non-toxlc to humans. A new compound Is also needed to
kIll trypomastigotes In blood used during blood transfusions.

The test system descrlbed herein serves to evaluate
prospective chemotherapeutic agents agalinst experimental Chagas'
disease by obtaining the following information:

1) A compound's antliparasitic activity measured by the mean
percent Increase In survival +time compared wlth Infected
untreated controls., Mice were monitored for 40 days,

2) A compound's toxiclty., Death of +treated mlice before
negative controls begln to dle |Is attributed +to compound
toxfclity.

3) An estimate of the compound's therapeutic Index.

METHODS

ANIMALS HOST

Male |ICR/HA Swiss randomly bred mice six to seven weeks old
welghling 18-21 grams were used.

Animals were housed In metal-topped plastic cages fed a
standard laboratory dlet and were glven water ad, libltum.
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IEST PROCEDURE

On day zero, mlice were Inoculated Intraperitoneally with
approximately 1.3 X 105 trypomastigotes in blood drawn from donor
mice Infected one week previously with I. gruzl trypomastigotes
(Y=-strain)., Within 30 minutes following challenge, mice were
given a single subcutaneous Injection of the test compound mlxed
In peanut oll., Each compound was Inltially tested at three-dose
levels, wusually 640, 160 and 40 mg/kg unless known toxliclty datea
suggested Jlowering the top dose. The end polint [n activity of
each active compound was determined. Mortallity was recorded dally
for a perlod of 40 days after the challenge with parasites,

Infected negative contfrols recelved an InjJjection of peanut
oll. This group consistently died within 9-15 days after the
Intraperitoneal Inoculatlion of parasites. A posltive control drug
was Included In each experiment. The 5=-nitrofuran, Lampit, known
to have |Imited therapeutic value in treating patients with
Chagas' dlsease, was used as a poslitive control. It has been
found to delay the onset of mortallty as well as allowing some
mice *to survive the 40 day perliod after belng administered as a
single subcutaneous dose of 640 mg/kg.

A classification system was wused to assess +the relative
activity of prospective compounds by comparing the life span of
treated animals to the longevity of negative controls.
Schizotrypanocidal actlvity was divided info +three categories;
positive, minimal and nega